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DISPLAY DEVICE

CROSS-REFERENCE TO RELATED
APPLICATION

This application 1s a continuation of U.S. patent applica-

tion Ser. No. 15/660,827, filed Jul. 26, 2017, which claims
priority to and the benefit of Korean Patent Application No.
10-2016-0097493, filed Jul. 29, 2016, the entire content of

both of which i1s imcorporated herein by reference.

BACKGROUND

1. Field

The present disclosure relates to a display device capable
of preventing a crack in an insulating layer included 1n a
touch sensing unit.

2. Description of the Related Art

In an mformation society, the importance of a display
device 1s further highlighted as a visual information trans-
mission medium. As the display device, a liquid crystal
display (LLCD), a plasma display panel (PDP), an organic
light emitting display (OLED), a field eflect display (FED),
and an electrophoretic display (EPD) are widely used.

The display device operates by receiving an electrical
signal from an external source, and may include a touch
screen to sense a touch event occurring on a display panel
displaying an image.

The display device includes various electrode patterns
activated by the electrical signal. Areas 1n which the elec-

trode patterns are activated display information or respond
to the touch event.

SUMMARY

The present disclosure provides a display device capable
ol preventing occurrence of a crack in an msulating layer
included 1n a touch sensing unit.

The present disclosure also provides a display device
capable of preventing the touch sensing unit from shorting.

Embodiments of the present disclosure provide a display
device including a display panel, and a touch sensing unit on
the display panel, the touch sensing unit including a first
conductive pattern on the display panel, an mnsulating layer
covering the first conductive pattern, and a second conduc-
tive pattern on the insulating layer, partially crossing the first
conductive pattern, and having a thickness that 1s greater
than a thickness of the first conductive pattern.

The first conductive pattern and the nsulating layer may
be directly on a thin film encapsulation layer of the display
panel, and the msulating layer may include a first part on the
first conductive pattern, and spaced from the thin film
encapsulation layer, a second part contacting with the thin
film encapsulation layer, and a third part connecting the first
part and the second part.

The thickness of the first conductive pattern may be less
than a thickness of the msulating layer.

The thickness of the first conductive pattern may be equal
to or greater than about 1800 angstroms, and equal to or less
than about 2100 angstroms, and the thickness of the second
conductive pattern may be equal to or greater than about
2700 angstroms, and equal to or less than about 3300
angstroms.

10

15

20

25

30

35

40

45

50

55

60

65

2

The first conductive pattern may include a first conductive
layer on the display panel, a second conductive layer on the
first conductive layer, and a third conductive layer on the
second conductive layer, the second conductive layer having
an electrical resistivity that 1s less than an electrical resis-
tivity of the first and third conductive layers, and having a
thickness that 1s greater than a thickness of the first conduc-
tive layer and a thickness of the third conductive layer.

The thickness of the third conductive layer may be greater
than the thickness of the first conductive layer.

The thickness of the third conductive layer may be within
a range from about one and a half times to about three times
the thickness of the first conductive layer.

The thickness of the first conductive layer may be 1n a
range from about 50 angstroms to about 200 angstroms, the
thickness of the second conductive layer may be in a range
from about 1000 angstroms to about 1800 angstroms, and
the thickness of the third conductive layer may be 1n a range
from about 250 angstroms to about 350 angstroms.

Each of the first conductive layer and the third conductive
layer may include titanium (1), and the second conductive
layer may include aluminum (Al).

The second conductive pattern may include a fourth
conductive layer on the insulating layer, a fifth conductive
layer on the fourth conductive layer, and a sixth conductive
layer on the fifth conductive layer, the fifth conductive layer
having an electrical resistivity that 1s less than an electrical
resistivity of the fourth and sixth conductive layers, and
having a thickness that 1s greater than a thickness of the
fourth conductive layer and a thickness of the sixth conduc-
tive layer.

The thickness of the second conductive layer may be less
than the thickness of the fifth conductive layer.

The thickness of the first conductive layer may be less
than the thickness of the fourth conductive layer.

The thickness of the fourth conductive layer may be in a
range from about 250 angstroms to about 350 angstroms, the
thickness of the fifth conductive layer may be 1n a range
from about 2200 angstroms to about 2800 angstroms, and
the thickness of the sixth conductive layer may be 1n a range
from about 250 angstroms to about 350 angstroms.

Each of the fourth conductive layer and the sixth conduc-
tive layer may include titanium ('I1), and the fifth conductive
layer may include aluminum (Al).

The second conductive pattern may include first connec-
tion parts, first touch sensor parts connected to each other by
the first connection parts, and second touch sensor parts
spaced from the first touch sensor parts.

The first conductive pattern may include second connec-
tion parts connecting the second touch sensor parts, and
crossing the first connection parts.

The first conductive pattern may include second connec-
tion parts connecting the second touch sensor parts, each of
the first touch sensor parts and the second touch sensor parts
may include a plurality of mesh lines defining a plurality of
mesh holes, and the second connection parts may cross the
mesh lines of the first touch sensor parts and the mesh lines
of the second touch sensor parts.

The second connection parts might not cross the first
connection parts.

The first conductive pattern may include second connec-
tion parts connecting the second touch sensor parts, the
insulating layer may be provided with a contact hole defined
therethrough, and the second connection parts may connect
the second touch sensor parts through the contact hole.

The display panel may include a base layer, a circuit layer
on the base layer, an organic light emitting device layer on
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the circuit layer, and a thin film encapsulation layer on the
organic light emitting device layer.

According to the above, the occurrence of cracking of the
insulating layer included 1n the touch sensing unit may be
reduced, and consequently, the short defect of the touch
sensing unit may be avoided.

BRIEF DESCRIPTION OF THE DRAWINGS

The above and other aspects of the present disclosure will
become readily apparent by reference to the following
detailed description when considered in conjunction with the
accompanying drawings, wherein:

FIG. 1A 1s a perspective view showing a display device in
a first operation state according to an embodiment of the
present disclosure;

FIG. 1B 1s a perspective view showing a display device in
a second operation state according to an embodiment of the
present disclosure;

FIG. 1C 1s a perspective view showing a display device in
a third operation state according to an embodiment of the
present disclosure;

FIG. 2 1s a cross-sectional view showing a display device
according to an embodiment of the present disclosure;

FIGS. 3A and 3B are perspective views showing a display
device according to an embodiment of the present disclo-
SUre;

FIGS. 4A and 4B are perspective views showing a display
device according to an embodiment of the present disclo-
SUre;

FIG. 5A 1s a plan view showing a display panel included
in a display device according to an embodiment of the
present disclosure;

FIG. 5B 1s a cross-sectional view showing a display
module mncluded 1n a display device according to an embodi-
ment of the present disclosure;

FIG. 6A 1s an equivalent circuit diagram of a pixel
included 1n a display device according to an embodiment of
the present disclosure;

FIG. 6B 1s a cross-sectional view showing a portion of a
display panel included 1n a display device according to an
embodiment of the present disclosure;

FIG. 6C 1s a cross-sectional view showing a portion of a
display panel included 1n a display device according to an
embodiment of the present disclosure;

FIGS. 7A to 7C are cross-sectional views showing thin
film encapsulation layers included in a display device
according to an embodiment of the present disclosure;

FIG. 8A 1s a cross-sectional view showing a touch sensing,
unit mncluded 1n a display device according to an embodi-
ment of the present disclosure;

FIGS. 8B to 8E are plan views showing a touch sensing
unit mncluded 1n a display device according to an embodi-
ment of the present disclosure;

FIG. 8F 1s a partially enlarged view showing an area Al
of FIG. 8B:

FIG. 9 1s a partially enlarged view showing an area A2 of
FIG. 8B;

FIGS. 10A and 10B are cross-sectional views taken along
the line I-I' of FIG. 9;

FI1G. 11 1s a cross-sectional view showing a touch sensing
unit included in a conventional display device;

FIGS. 12A to 12D are plan views showing a touch sensing
unit mncluded 1n a display device according to an embodi-
ment of the present disclosure;

FIGS. 13A to 13C are partially enlarged views showing an
area A3 of FIG. 12A;
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FIG. 14 1s a cross-sectional view taken along the line II-1T
of FIG. 13C;

FIG. 15 1s a cross-sectional view showing a portion of a
touch sensing unit included 1n a display device according to
an embodiment of the present disclosure; and

FIG. 16 1s a cross-sectional view showing a touch sensing,
unmit included 1n a display device according to an embodi-
ment of the present disclosure.

DETAILED DESCRIPTION

Features of the inventive concept and methods of accom-
plishing the same may be understood more readily by
reference to the following detailed description of embodi-
ments and the accompanying drawings. Hereinafter,
example embodiments will be described 1n more detail with
reference to the accompanying drawings, in which like
reference numbers refer to like elements throughout. The
present invention, however, may be embodied 1n various
different forms, and should not be construed as being limited
to only the illustrated embodiments herein. Rather, these
embodiments are provided as examples so that this disclo-
sure will be thorough and complete, and will fully convey
the aspects and features of the present invention to those
skilled 1n the art. Accordingly, processes, elements, and
techniques that are not necessary to those having ordinary
skill 1n the art for a complete understanding of the aspects
and features of the present invention may not be described.
Unless otherwise noted, like reference numerals denote like
clements throughout the attached drawings and the written
description, and thus, descriptions thereof will not be
repeated. In the drawings, the relative sizes of elements,
layers, and regions may be exaggerated for clanty.

It will be understood that, although the terms *“first,”
“second,” “third,” etc., may be used herein to describe
various elements, components, regions, layers and/or sec-
tions, these elements, components, regions, layers and/or
sections should not be limited by these terms. These terms
are used to distinguish one element, component, region,
layer or section from another element, component, region,
layer or section. Thus, a first element, component, region,
layer or section described below could be termed a second
clement, component, region, layer or section, without
departing from the spirit and scope of the present invention.

Spatially relative terms, such as “beneath,” “below,”
“lower,” “under,” “above,” “upper,” and the like, may be
used herein for ease of explanation to describe one element
or feature’s relationship to another element(s) or feature(s)
as illustrated in the figures. It will be understood that the
spatially relative terms are intended to encompass different
orientations of the device in use or 1n operation, 1n addition
to the orientation depicted 1n the figures. For example, 11 the
device 1n the figures 1s turned over, elements described as
“below” or “beneath” or “under” other elements or features
would then be orniented “above” the other elements or
teatures. Thus, the example terms “below™ and “under” can
encompass both an orientation of above and below. The
device may be otherwise oriented (e.g., rotated 90 degrees or
at other onentations) and the spatially relative descriptors
used herein should be interpreted accordingly.

It will be understood that when an element, layer, region,
or component 1s referred to as being “on,” “connected to,”
or “coupled to” another element, layer, region, or compo-
nent, 1t can be directly on, connected to, or coupled to the
other element, layer, region, or component, or one or more
intervening elements, layers, regions, or components may be
present. In addition, 1t will also be understood that when an
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clement or layer 1s referred to as being “between” two
clements or layers, 1t can be the only element or layer
between the two elements or layers, or one or more inter-
vening elements or layers may also be present.

In the following examples, the x-axis, the y-axis and the
z-ax1s are not limited to three axes of a rectangular coordi-
nate system, and may be interpreted in a broader sense. For
example, the x-axis, the y-axis, and the z-axis may be
perpendicular to one another, or may represent diflerent
directions that are not perpendicular to one another.

The terminology used herein 1s for the purpose of describ-
ing particular embodiments only and 1s not imtended to be
limiting of the present invention. As used herein, the sin-
gular forms “a” and “an” are intended to include the plural
forms as well, unless the context clearly indicates otherwise.
It will be further understood that the terms “‘comprises,”
“comprising,” “includes,” and “including,” when used 1n
this specification, specily the presence of the stated features,
integers, steps, operations, elements, and/or components, but
do not preclude the presence or addition of one or more other
features, 1ntegers, steps, operations, elements, components,
and/or groups thereof. As used herein, the term “and/or”
includes any and all combinations of one or more of the
associated listed 1tems. Expressions such as “at least one of,”
when preceding a list of elements, modily the entire list of
clements and do not modily the individual elements of the
list.

As used herein, the term “substantially,” “about,” and
similar terms are used as terms of approximation and not as
terms of degree, and are intended to account for the inherent
deviations 1n measured or calculated values that would be
recognized by those of ordinary skill in the art. Further, the
use of “may” when describing embodiments of the present
invention refers to “one or more embodiments of the present
invention.” As used herein, the terms “use,” “using,” and
“used” may be considered synonymous with the terms
“utilize,” “utilizing,” and “utilized,” respectively. Also, the
term “exemplary” 1s intended to refer to an example or
illustration.

When a certain embodiment may be implemented differ-
ently, a specific process order may be performed differently
from the described order. For example, two consecutively
described processes may be performed substantially at the
same time or performed 1n an order opposite to the described
order.

The electronic or electric devices and/or any other rel-
evant devices or components according to embodiments of
the present invention described herein may be implemented
utilizing any suitable hardware, firmware (e.g. an applica-
tion-specific integrated circuit), software, or a combination
of software, firmware, and hardware. For example, the
various components of these devices may be formed on one
integrated circuit (IC) chip or on separate 1C chips. Further,
the various components of these devices may be imple-
mented on a flexible printed circuit film, a tape carrier
package (TCP), a printed circuit board (PCB), or formed on
one substrate. Further, the various components of these
devices may be a process or thread, running on one or more
processors, 1n one or more computing devices, executing
computer program instructions and interacting with other
system components for performing the various functionali-
ties described herein. The computer program 1nstructions are
stored 1n a memory which may be implemented 1n a com-
puting device using a standard memory device, such as, for
example, a random access memory (RAM). The computer
program 1nstructions may also be stored in other non-
transitory computer readable media such as, for example, a
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CD-ROM, flash drive, or the like. Also, a person of skill 1n
the art should recognize that the functionality of various
computing devices may be combined or integrated into a
single computing device, or the functionality of a particular
computing device may be distributed across one or more
other computing devices without departing from the spirit
and scope of the embodiments of the present invention.

Unless otherwise defined, all terms (including technical
and scientific terms) used herein have the same meaning as
commonly understood by one of ordinary skill in the art to
which the present invention belongs. It will be further
understood that terms, such as those defined in commonly
used dictionaries, should be interpreted as having a meaning
that 1s consistent with theirr meaning 1n the context of the
relevant art and/or the present specification, and should not
be interpreted 1n an 1dealized or overly formal sense, unless
expressly so defined herein.

Heremafiter, the present invention will be explained in

detail with reference to the accompanying drawings.

FIG. 1A 1s a perspective view showing a display device
DD 1n a first operation state according to an embodiment of
the present disclosure. FIG. 1B 1s a perspective view show-
ing the display device DD in a second operation state
according to an embodiment of the present disclosure. FIG.
1C 1s a perspective view showing the display device DD 1n
a third operation state according to an embodiment of the
present disclosure.

Retferring to FIG. 1A, a display surface IS, in which an
image IM 1s displayed 1n a first operation state of the display
device DD, 1s substantially parallel to a surface or plane
defined by a first direction axis DR1 and a second direction
axis DR2. A direction that 1s normal to the display surface
IS (1.e., a thickness direction of the display device DD),
indicates a third direction DR3. A front surface (or an “upper
surface”) 1s distinguished from a rear surface (or a “lower
surface”) by the third direction axis DR3. However, the first
to third direction axes DR1 to DR3 are relative terms to each
other, and thus the first to third direction axes DR1 to DR3
may be changed to any other directions. Heremafter, first to
third directions correspond to directions respectively indi-
cated by the first to third direction axes DR1 to DR3, and
thus the first to third directions are assigned with the same

reference numerals as those of the first to third direction axes
DR1 to DR3.

FIGS. 1A to 1C show a foldable display device as a
representative example of the flexible display device DD,
but 1t should not be limited there to or thereby. For example,
the flexible display device DD may be a rollable display
device, a bendable display device, or a flat nigid display
device, for example. The tlexible display device DD accord-
ing to the present embodiment may be applied to a large-
sized electronic 1item, such as a television set, a monitor, etc.,
and may be applied to a small and medium-sized electronic
item, such as a mobile phone, a tablet, a car navigation unit,
a game unit, a smart watch, etc.

Referring to FIG. 1A, the display surface IS of the flexible
display device DD may include a plurality of areas. The
flexible display device DD includes a display area DD-DA
in which the image IM 1s displayed, and a non-display area
DD-NDA located next to the display area DD-DA. The
image IM 1s not displayed 1n the non-display area DD-NDA.
FIG. 1A shows an 1mage of a vase as the image IM. As an
example, the display area DD-DA has a substantially quad-
rangular shape, and the non-display areca DD-NDA sur-
rounds the display area DD-DA, but they should not be
limited thereto or thereby. That 1s, the shape of the display
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arca DD-DA and the shape of the non-display area DD-NDA
may be designed relative to each other.

Referring to FIGS. 1A to 1C, the display device DD 1s
divided into a plurality of areas in accordance with the
operation state thereof. The display device DD includes a
bending area BA that may be bent with respect to a bending
axis BX, a first non-bending area NBA1 that 1s not bent, and
a second non-bending area NBA2 that is not bent. As shown
in FIG. 1B, the display device DD may be mwardly bent
such that the display surface IS of the first non-bending area
NBA1 faces the display surface IS of the second non-
bending area NBA2. As shown in FIG. 1C, the display
device DD may be outwardly bent to allow the display
surface IS to be exposed.

FIGS. 1A to 1C show only one bending area BA, but the
number of the bending area BA i1s not limited to one. For
instance, 1n the present embodiment, the display device DD
may 1include a plurality of bending arecas BA. In some
embodiments, the display device DD may be configured to
repeatedly perform only the operation modes shown in
FIGS. 1A and 1B, although the present mmvention 1s not
limited thereto or thereby. That 1s, the bending areca BA may
be defined to correspond to the user’s operation performed
on the display device DD. For instance, different from FIGS.
1B and 1C, the bending area BA may be defined to be
substantially parallel to the first direction axis DR1 or may
be defined 1n a diagonal direction. The bending area BA may
have an area determined depending on a radius of curvature
while not being fixed.

FIG. 2 1s a cross-sectional view showing a display device
DD according to an embodiment of the present disclosure.
FIG. 2 shows the cross-section defined by the second and
third directions DR2 and DR3.

Referring to FIG. 2, the display device DD includes a
protective film PM, a display module DM, an optical mem-
ber LM, a window WM, a first adhesive member AMI1, a
second adhesive member AM?2, and a third adhesive mem-
ber AM3. The display module DM 1s located between the
protective film PM and the optical member LM. The optical
member LM 1s located between the display module DM and
the window WM. The first adhesive member AM1 couples
the display module DM and the protective film PM. The
second adhesive member AM2 couples the display module
DM and the optical member LM. The third adhesive mem-
ber AM3 couples the optical member LM and the window
WM. If suitable, at least one of the first, second, and third
adhesive members AM1, AM2, and AM3 may be omaitted.

The protective film PM protects the display module DM.
The protective film PM 1ncludes a first outer surtace OS-L
exposed to the outside and an adhesive surface adhered to
the first adhesive member AMI1. The protective film PM
prevents external moisture from entering the display module
DM and absorbs external impacts.

The protective film PM may include a plastic film as a
base substrate. The plastic film may include one or more of
polyethersulfone (PES), polyacrylate, polyetherimide (PEI),
polyethylenenaphthalate (PEN), polyethyleneterephthalate
(PET), polyphenylene sulfide (PPS), polyarylate, polyimide
(PI), polycarbonate (PC), poly(arylene ethersulfone), and a
mixture thereof.

The material of the protective film PM may include a
mixed material of an organic material and an inorganic
material without being limited to plastic resins. The protec-
tive film PM may include a porous organic layer and an
inorganic material filled 1 pores of the organic layer. The
protective film PM may further include a functional layer
tormed 1n the plastic film. The functional layer may include
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a resin layer, and may be formed by a coating method. In
other embodiments, the protective film PM may be omitted.

The window WM protects the display module DM from
the external impacts and provides an input surface to the
user. The window WM provides a second outer surface
OS-U exposed to the outside, and an adhesive surface

adhered to the third adhesive member AM3. The display
surface IS shown 1n FIGS. 1A to 1C may be the second outer

surface OS-U.

The window WM may include a plastic film. The window
WM may have a multi-layer structure, which may be of a
glass substrate, a plastic film, or a plastic substrate. The
window WM may further include a bezel pattern. The
multi-layer structure of the window WM may be formed
through consecutive processes or an adhesive process using
an adhesive.

The optical member LM reduces a reflectance of an
external light. The optical member LM may include at least
a polanizing film, and may further include a retardation film.
In other embodiments, the optical member LM may be
omitted.

The display module DM 1ncludes a display panel DP and
a touch sensing unit TS. The touch sensing unit 'T'S 1s directly
located on the display panel DP. In the following descrip-
tions, the expression “a first component 1s directly located on
a second component” means that the first and second com-
ponents are formed through consecutive processes without
being attached to each other by using a separate adhesive
layer. According to other embodiments, other layers (e.g., an
adhesive layer, a substrate, etc.) may be interposed between
the display panel DP and the touch sensing unit TS.

Heremafiter, an organic light emitting display panel DP
will be described as the display panel DP, but the display
panel DP should not be limited to the organic light emitting
display panel DP. The display panel DP may be a liquid
crystal display panel, a plasma display panel, an electropho-
retic display panel, a microelectromechanical system
(MEMS) display panel, or an electrowetting display panel.
The organic light emitting display panel DP generates the
image IM (refer to FIG. 1) corresponding to image data
input thereto. The organic light emitting display panel DP
includes a first display panel surface BS1-L., and a second
display panel surtace BS1-U facing the first display panel
surtace BS1-L in the thickness direction DR3.

The touch sensing unit TS obtains coordinate information
of an external mput. The touch sensing unit TS senses the
external mput in an electrostatic capacitive manner.

The display module DM according to other embodiments
may further include an anti-reflection layer. The anti-reflec-
tion layer may include a stack structure of a color filter or a
conductive layer/an nsulating layer/a conductive layer. The
anti-reflection layer absorbs or polarizes external light to
reduce reflectance of the external light. The anti-reflection
layer may be used to substitute the function of the optical
member LM.

Hach of the first, second, and third adhesive members
AM1, AM2, and AM3 may be, but are not limited to, an
organic adhesive layer, such as an optically clear adhesive
film (OCA), an optically clear resin (OCR), or a pressure
sensitive adhesive film (PSA). The organic adhesive layer
may include, for example, a polyurethane-based adhesive
material, a polyacryl-based adhesive material, a polyester-
based adhesive material, a poly epoxy-based adhesive mate-
rial, or a polyvinyl acetate-based adhesive material.

The display device DD may further include a frame
structure for supporting the functional layers to maintain the
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states shown 1n FIGS. 1A, 1B, and 1C. The {frame structure
may have a joint structure or a hinge structure.

FIGS. 3A and 3B are perspective views showing a display
device DD-1 according to an embodiment of the present
disclosure. FIG. 3A shows the display device DD-1 i an

unfolded state, and FI1G. 3B shows the display device DD-1

in a bent state.

The display device DD-1 includes one bending area BA
and one non-bending area NBA. The non-display area
DD-NDA of the display device DD-1 1s bent, however, the
bending areca area of the display device DD-1 may be

changed in other embodiments.

Different from the display device DD shown 1n FIGS. 1A
to 1C, the display device DD-1 may be fixed in one state
while being operated. The display device DD-1 may be
operated 1n the bent state as shown 1n FIG. 3B. The display
device DD-1 may be fixed to a frame while being bent, and
the frame may be coupled to a housing of an electronic
device.

The display device DD-1 according to the present
embodiment may have substantially the same cross-sec-
tional structure as that shown in FIG. 2. However, the
non-bending areca NBA and the bending area BA may have
different stack structures from each other. The non-bending
areca NBA may have substantially the same cross-sectional
structure as that shown in FIG. 2, and the bending areca BA
may have a cross-sectional structure different from that
shown 1n FIG. 2. For example, the optical member LM and
the window WM may be omitted from the bending area BA.
That 1s, the optical member LM and the window WM may
be located only 1n the non-bending areca NBA. The second
and third adhesive members AM2 and AM3 may be omitted
from the bending arca BA.

FIG. 4A 1s a perspective view showing a display device
DD-2 according to an embodiment of the present disclosure.

Referring to FI1G. 4A, the display device DD-2 includes a
non-bending area (or a “plan surface area”) NBA 1n which
a main 1mage 1s displayed to a front direction, and a bending
area (or a “side surface area”) BA in which a sub-image 1s
displayed to a side direction. The sub-image may include an
icon for providing information. In the present embodiment,
the terms of “non-bending areca NBA and bending area BA”
used herein define the display device DD-2 configured to
include plural areas with different shapes from each other.

The bending area BA bent from the non-bending area
NBA displays the sub-image to a fourth direction axis DR4
crossing the first direction axis DR1, the second direction
axis DR2, and the third direction axis DR3. However, the
first to fourth direction axes DR1 to DR4 are relative terms
to each other, and thus the first to fourth direction axes DR1
to DR4 may be changed to any other directions.

FIG. 4B 1s a perspective view showing a display device
DD-3 according to an embodiment of the present disclosure.

Referring to FIG. 4B, the display device DD-3 includes a
non-bending area NBA 1n which a main image 1s displayed
to a front direction, and includes first and second bending
arcas BA1 and BA2 in which a sub-image 1s displayed to a
side direction. The first bending area BA1 and the second
bending area BA2 are respectively bent from opposite sides
of the non-bending arca NBA.

FIG. SA 1s a plan view showing an organic light emitting
display panel DP included in a display device according to
an embodiment of the present disclosure, and FIG. 5B 1s a
cross-sectional view showing a display module DM
included 1n a display device according to an embodiment of
the present disclosure.
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Retferring to FIG. 5A, the organic light emitting display
panel DP includes a display area DA and a non-display area
NDA when viewed 1n a plan view. The display area DA and
the non-display areca NDA of the organic light emitting
display panel DP respectively correspond to the display area
DD-DA and the non-display area DD-NDA of the display
device DD (refer to FIG. 1A). The display area DA and the
non-display area NDA of the organic light emitting display
panel DP are not required to be 1dentical to the display area
DD-DA and the non-display area DD-NDA of the display
device DD of FIG. 1A, and the display area DA and the
non-display area NDA of the organic light emitting display
panel DP may be changed in accordance with the structure
and design of the organic light emitting display panel DP.

The organic light emitting display panel DP includes a
plurality of pixels PX. An area 1n which the pixels PX are
arranged 1s referred to as the display area DA. In the present
embodiment, the non-display area NDA 1s defined along an
edge of the display area DA.

The organic light emitting display panel DP includes gate
lines GL, data lines DL, light emitting lines EL, a control
signal line SL-D, an mitialization voltage line SL-Vint, a
voltage line SL-VDD, and a pad part PD.

Each of the gate lines GL 1s connected to corresponding,
pixels of the pixels PX, and each of the data lines DL 1s
connected to corresponding pixels of the pixels PX. Each of
the light emitting lines EL 1s arranged to be substantially
parallel to a corresponding gate line of the gate lines GL.
The control signal line SL-D applies a control signal to a
gate driving circuit GDC. The imitialization voltage line
SL-Vint applies an mitialization voltage to the pixels PX.
The voltage line SL-VDD 1s connected to the pixels PX to
apply a first voltage to the pixels PX. The voltage lines
SL-VDD includes a plurality of lines extending in the first
direction DR1, and a plurality of lines extending in the
second direction DR2.

The gate driving circuit GDC 1s located at one side portion
of the non-display area NDA, and 1s connected to the gate
lines GL and the light emitting lines EL. Some of the gate
lines GL, the data lines DL, the light emitting lines EL, the
control signal line SL-D, the initialization voltage line
SL-Vint, and the voltage line SL-VDD are located on the
same layer, and the others of the gate lines GL, the data lines
DL, the light emitting lines EL, the control signal line SL-D,
the mitialization voltage line SL-Vint, and the voltage line
SL-VDD are located on diflerent layers.

The pad part PD i1s connected to an end of the data lines
DL, the control signal line SL-D, the mitialization voltage
line SL-Vint, and the voltage line SL-VDD. As shown 1n
FIG. 5B, the orgamic light emitting display panel DP
includes a base layer/base substrate SUB, a circuit layer
DP-CL located on the base layer SUB, an organic light
emitting device layer DP-OLED located on the circuit layer
DP-CL, and a thin film encapsulation layer TFE located on
the organic light emitting device layer DP-OLED.

The base layer SUB 1ncludes at least one plastic film. The
base layer SUB may be a tlexible substrate, and may include
a plastic substrate, a glass substrate, a metal substrate, or an
organic/inorganic-mixed material substrate. The plastic sub-
strate 1ncludes at least one of an acryl-based resin, a meth-
acryl-based resin, polyisoprene-based resin, a vinyl-based
resin, an epoxy-based resin, a urethane-based resin, a cel-
lulose-based resin, a siloxane-based resin, a polyimide-
based resin, a polyamide-based resin, and a perylene-based
resin.

The circuit layer DP-CL includes a plurality of insulating

layers, a plurality of conductive layers, and a semiconductor
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layer. The conductive layers of the circuit layer DP-CL may
form signal lines or a control circuit of the pixel.

The organic light emitting device layer DP-OLED may
include organic light emitting diodes.

The thin film encapsulation layer TFE encapsulates the
organic light emitting device layer DP-OLED. The thin film
encapsulation layer TFE includes an inorganic layer and an
organic layer. The thin film encapsulation layer TFE may
include at least two norganic layers and an organic layer
located between them. The inorganic layers protect the
organic light emitting device layer DP-OLED from moisture
and oxygen, and the organic layer protects the organic light
emitting device layer DP-OLED {from foreign substance
such as dust. The 1norganic layer may include, for example,
at least one of a silicon nitride layer, a silicon oxynitride
layer, and a silicon oxide layer. The organic layer may
include an acryl-based organic material, but it should not be
limited thereto or thereby. According to the present embodi-
ment, the touch sensing unit TS may provide a uniform
sensitivity by adjusting a thickness of the organic layer.

The touch sensing unit TS 1s directly located on the thin
film encapsulation layer TFE, but i1s not limited thereto or
thereby. An 1norganic layer may be located on the thin film
encapsulation layer TFE, and the touch sensing unit TS may
be located on the inorganic layer. The mnorganic layer may
be a buller layer. The mnorganic layer may include at least
one of a silicon nitride layer, a silicon oxy-nitride layer, and
a silicon oxide layer, but the inorganic layer should not be
limited thereto or thereby. In addition, the inorganic layer
may be included in the thin film encapsulation layer TFE
without being provided as a separate element.

The touch sensing unit TS includes touch sensors and
touch signal lines. The sensors and the touch signal lines
may have a single-layer structure or a multi-layer structure.

The touch sensors and the touch signal lines may include
indium tin oxide (ITO), indium zinc oxide (IZ0), zinc oxide
(ZnO), indium tin zinc oxide (ITZ0O), PEDOT, a metal
nano-wire, and a graphene. The touch sensors and the touch
signal lines may include a metal layer such as, for example,
molybdenum, silver, titanium, copper, aluminum, or an alloy
thereot. The touch sensors and the touch signal lines may
have the same layer structure or different layer structures.
The touch sensor layer TS will be described 1n detail later.

FIG. 6A 1s an equivalent circuit diagram of a pixel PX
included 1n a display device according to an embodiment of
the present disclosure.

FIG. 6 A shows an 1-th pixel PX1 connected to a k-th data
line DLk among the data lines DL.

The 1-th pixel PXi includes an organic light emitting diode
OLED and a pixel driving circuit controlling the organic
light emitting diode OLED. The pixel driving circuit
includes seven thin film transistors 11 to T7 and one storage
capacitor Cst. In the present embodiment, the pixel driving
circuit includes seven transistors T1 to 17 and one storage
capacitor Cst, but in other embodiments, the j-th pixel PXi
may include only a first transistor (or a “driving transistor”)
T1, a second transistor (or a “switching transistor) 12, and
the storage capacitor Cst as the driving circuit to drive the
organic light emitting diode OLED, and the pixel driving
circuit may have various configurations.

The driving transistor controls a driving current applied to
the organic light emitting diode OLED. An output electrode
of the second transistor 12 1s electrically connected to the
organic light emitting diode OLED. The output electrode of
the second transistor T2 directly makes contact with an
anode of the organic light emitting diode OLED or 1is
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connected to the anode of the organic light emitting diode
OLED wvia another transistor, e.g., a sixth transistor T6.

Control electrodes of respective control transistors
receive respective control signals. The control signals
applied to the 1-th pixel PXi include an (1-1)th gate signal
Si1—1, an 1-th gate signal S1, an (1+1)th gate signal Si1+1, a
data signal Dk, and an 1-th light emitting control signal Ei.
In the present embodiment, the control transistors includes
the first transistor T1 and third to seventh transistors T3 to
17.

The first transistor T1 includes an mput electrode con-
nected to the k-th data line DLk, a control electrode con-
nected to an 1-th gate line GL1, and an output electrode
connected to the output electrode of the second transistor T2.
The first transistor T1 1s turned on by the gate signal Si
(hereinafter, referred to as the “1-th gate signal”) applied to
the 1-th gate line GL1 to provide the data signal Dk applied
to the k-th data line DLk to the storage capacitor Cst.

FIG. 6B 1s a cross-sectional view showing a portion of a
display panel included 1n a display device according to an
embodiment of the present disclosure. FIG. 6C 1s a cross-
sectional view showing a portion of a display panel included
in a display device according to an embodiment of the
present disclosure. In detail, FIG. 6B shows the cross-
section of the portion corresponding to the first transistor 11
of the equivalent circuit shown in FIG. 6A, and FIG. 6C
shows the cross-section of the portion corresponding to the
second transistor 12, the sixth transistor T6, and the organic

light emitting diode OLED of the equivalent circuit shown
in FIG. 6A.

Referring to FIGS. 6B and 6C, the first transistor T1, the
second transistor T2, and the sixth transistor T6 are located
on the base layer SUB. The first, second, and sixth transis-
tors T1, T2, and T6 have the same structure as each other,
and thus the first transistor T1 will be described 1n detail, and
repeated detail of the second and sixth transistors T2 and T6
will be omaitted.

An upper surface of the base layer SUB 1s defined by the
first direction DR1 and the second direction DR2. The first
transistor 11 includes a first mput electrode DE1, a first
output electrode SE1, a first control electrode GE1, and a
first oxide semiconductor pattern OSP1.

A bufler layer BFL 1s located on the base layer SUB. The
bufler layer BFL improves a coupling force between the
base layer SUB and the conductive patterns or the semicon-
ductor patterns. The bufler layer BFL includes an norganic
layer. In other embodiments, a barrier layer may be further
located on the base layer SUB to prevent foreign substances
from entering. The bufler layer BFL and the barrier layer
may be selectively used or omitted.

The base layer SUB may include a plastic substrate, a
glass substrate, or a metal substrate. The plastic substrate
includes at least one of an acryl-based resin, a methacryl-
based resin, polyisoprene-based resin, a vinyl-based resin,
an epoxy-based resin, a urethane-based resin, a cellulose-
based resin, a siloxane-based resin, a polyimide-based resin,
a polyamide-based resin, and a perylene-based resin.

The first oxide semiconductor pattern OSP1 1s located on
the buller layer BFL. The first oxide semiconductor pattern
OSP1 includes indium tin oxide (ITO), indium gallium zinc
oxide (IGZ0), zinc oxide (Zn0O), or indium zinc oxide
(120).

A first insulating layer 10 1s located on the bufler layer
BFL to cover the first oxide semiconductor pattern OSP1.
The first control electrode GE1 1s located on the first
insulating layer 10, and a second insulating layer 20 1is

located on the first insulating layer 10 to cover the first
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control electrode GE1. The second insulating layer 20
provides a tlat upper surface/planarized surface. The second
isulating layer 20 includes an organic material and/or an
inorganic material.

The first insulating layer 10 and the second insulating
layer 20 include an inorganic material, which may include at
least one of aluminum oxide, titantum oxide, silicon oxide,
silicon oxynitride, zirconmum oxide, and hainium oxide

Meanwhile, a first contact hole CH1 and a second contact

hole CH2 are defined through the first and second 1nsulating,
layers 10 and 20 to respectively expose a first area and a
second area of the first oxide semiconductor pattern OSP1.
Each of the first and second contact holes CH1 and CH2
penetrates through the first and second insulating layers 10

and 20.

The first input electrode DE1 and the first output electrode
SE1 are located on the second insulating layer 20. The first
input electrode DE1 and the first output electrode SE1 are
respectively connected to the first area and the second area
of the first oxide semiconductor pattern OSP1 through the
first contact hole CH1 and the second contact hole CH2.

A third insulating layer 30 i1s located on the second
insulating layer 20 to cover the first input electrode DE1 and
the first output electrode SE1. The third insulating layer 30
provides a flat upper surface. The third isulating layer 30
includes an organic material and/or an inorganic material.
The third insulating layer 30 covers mput electrodes and
output electrodes.

FIG. 6C shows the sixth transistor T6 having substantially
the same structure as the second transistor T2. However, the
structure of the sixth transistor T6 may be changed. The
sixth transistor T6 includes an put electrode DE6 con-
nected to the output electrode SE2 of the second transistor
12 on the second insulating layer 20.

The organic light emitting diode OLED and a pixel
definition layer PDL are located on the third msulating layer
30. An anode AF 1s located on the third insulating layer 30.
The anode AE 1s connected to a sixth output electrode SE6
of the sixth transistor T6 through a seventh contact hole CH7
defined through the third imsulating layer 30. The pixel
definition layer PDL 1s provided with an opening OP defined
therethrough. At least a portion of the anode AE 1s exposed
through the opening OP of the pixel definition layer PDL.

The pixel PX 1s located 1n a pixel area of the organic light
emitting display panel DP when viewed 1n a plan view. The
pixel area includes a light emitting area PXA and a non-light
emitting area NPXA next to the light emitting area PXA. The
non-light emitting area NPXA 1s located to surround the
light emitting areca PXA. In the present embodiment, the
light emitting area PX A 1s defined to correspond to the anode
AE, but should not be limited thereto or thereby The light
emlttmg area PX A may be defined as an area in which a light
1s generated. The light emitting area PXA may be defined to
correspond to a portion of the anode AE exposed through the
opening OP.

A hole control layer HCL 1s commonly located 1n the light
emitting areca PXA and the non-light emitting area NPXA.
Although not shown 1n figures, a common layer like the hole
control layer HCL may be commonly formed in the plural
pixels PX.

An organic light emitting layer EML 1s located on the hole
control layer HCL. The organic light emitting layer EML 1s
located only 1n an area corresponding to the opeming OP.
That 1s, the organic light emitting layer EML may be
patterned into plural parts, and the parts may be respectively
located 1n the pixels PX.
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An electron control layer ECL 1s located on the organic
light emitting layer EML. A cathode CE 1s located on the
clectron control layer ECL. The cathode CE 1s commonly
located 1n the pixels PX.

The thin film encapsulation layer TFE 1s located on the
cathode CE. The thin film encapsulation layer TFE 1s
commonly located 1n the pixels PX. The thin film encapsu-
lation layer TFE includes at least one 1norganic layer and at
least one organic layer. The thin film encapsulation layer
TFE may include a plurality of inorganic layers and a
plurality of organic layers alternately stacked with the 1nor-
ganic layers.

In the present embodiment, the patterned organic light
emitting layer EML 1s shown as a representative example,
but the organic light emitting layer EML may be commonly
located in the pixels PX. In this case, the organic light
emitting layer EML may generate a white light. In addition,
the organic light emitting layer EML may have a multi-layer
structure.

In the present embodiment, the thin film encapsulation
layer TFE directly covers the cathode CE. In the present
embodiment, a capping layer may further cover the cathode
CE, and the thin film encapsulation layer TFE may directly
cover the capping layer.

FIGS. 7A to 7C are cross-sectional views showing thin
film encapsulation layers included i a display device
according to an embodiment of the present disclosure.
Hereinafter, the thin film encapsulation layer will be
described 1n detail with reference to FIGS. 7A to 7C.

Referring to FIG. 7A, a thin film encapsulation layer
TFFE1 includes n morganic thin layers 1011 to I0Ln, and a
first inorganic thin layer I0OL1 among the n mnorganic thin
layers I0L1 to IOLn 1s located on the cathode CE (refer to
FIG. 6C). In addition, the first inorganic thin layer IOL1 may
located to directly contact the cathode CE (refer to FIG. 6C).
The first inorganic thin layer IOL1 may be referred to as a
“lower mmorganic thin layer,” and the inorganic thin layers
except for the first mnorganic thin layer IOL1 among the n
inorganic thin layers IOL1 to IOLn may be referred to as
“upper 1norganic thin layers.”

The thin film encapsulation layer TFE1 includes n-1
organic thin layers OL1 to OLn-1, and the n—1 organic thin
layers OL1 to OLn-1 are alternately arranged with the n
inorganic thin layers 1I0L1 to 10Ln. The n-1 organic thin
layers OL1 to OLn-1 may have a thickness that 1s greater
than that of the n 1110rgan1c thin layers 1I0L1 to IOLn.

Each of the n inorganic thin layers I0L1 to IOLn may
have a single-layer structure containing one type of material,
or may have a multi-layer structure containing plural dii-
terent types of material. Each of the n—1 organic thin layers
OL1 to OLn-1 may be formed by depositing organic mono-
mers. Each of the n-1 organic thin layers OL1 to OLn-1
may be formed by using an inkjet printing method or by
coating a composition containing an acryl-based monomer.
In the present embodiment, the thin film encapsulation layer
TFE1 may further include an n-th organic thin layer.

Reterring to FIGS. 7B and 7C, the inorganic thin layers
included 1n each of the thin film encapsulatlon layers TFE2
and TFE3 may include the same mnorganic material, or may
include different inorganic materials from each other,, and
may have the same thickness or different thicknesses. The
organic thin layers included in each of the thin film encap-
sulation layers TFE2 and TFE3 may include the same
organic material, or may include different organic materials
from each other and may have the same thickness or
different thicknesses.
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As shown 1 FIG. 7B, the thin film encapsulation layer
TFE2 includes the first inorganic thin layer 1011, the first
organic thin layer OL1, the second inorganic thin layer
I0L2, the second organic thin layer OL2, and the third
inorganic thin layer I0L3, which are sequentially stacked.

The first inorganic thin layer IOL1 may have a two-layer
structure. A first sub-layer S1 and a second sub-layer S2 of
the first inorganic thin layer IOL1 may have diflerent
inorganic materials.

As shown 1 FIG. 7C, the thin film encapsulation layer
TFE3 includes a first inorganic thin layer 10L10, a first
organic thin layer OL1, and a second inorganic thin layer
I0L20, which are sequentially stacked. The first inorganic
thin layer IOL10 may have a two-layer structure. A first
sub-layer S10 and a second sub-layer S20 included 1n the
first inorganic thin layer IOL10 may have different inorganic
materials. The second morganic thin layer I0L20 may have
a two-layer structure. The second inorganic thin layer 10120
may include a first sub-layer S100 and a second sub-layer
S200, which are deposited in different environments. The
first sub-layer S100 may be deposited at lower power, and
the second sub-layer S200 may be deposited at high power.
The first and second sub-layers S100 and S200 may include
the same 1norganic material.

FIG. 8A 1s a cross-sectional view showing a touch sensing,
unit included 1in a display device according to an embodi-
ment of the present disclosure. FIGS. 8B to 8E are plan
views showing a touch sensing unit included 1n a display
device according to an embodiment of the present disclo-
sure.

Referring to FIG. 8A, the touch sensing umit TS mcludes
a first conductive pattern TS-CP1, a first msulating layer
TS-IL1 (heremnatter, referred to as a “first touch insulating
layer™), a second conductive pattern TS-CP2, and a second
insulating layer TS-IL2 (hereinafter, referred to as a “second
touch insulating layer”). The first conductive pattern TS-
CP1 1s directly located on the thin film encapsulation layer
TFE, but 1t should not be limited thereto or thereby. That 1s,
another inorganic layer (e.g., a bufler layer) may be further
located between the first conductive pattern TS-CP1 and the
thin film encapsulation layer TFE.

If suitable, the second touch insulating layer TS-1L2 may
be omitted. A portion of the second conductive pattern
TS-CP2 crosses the first conductive pattern TS-CP1. The
portion of the second conductive pattern TS-CP2 1s insulated
from the first conductive pattern TS-CP1 while crossing the
first conductive pattern TS-CP1, and the first touch insulat-
ing layer TS-IL1 1s located between the first and second
conductive patterns TS-CP1 and TS-CP2.

Each of the first conductive pattern TS-CP1 and the
second conductive pattern TS-CP2 has a single-layer struc-
ture or a multi-layer structure of plural layers stacked 1n the
third direction DR3.

Each of the first touch insulating layer TS-IL1 and the
second touch msulating layer TS-IL2 includes an inorganic
material or an organic material. The 1norganic material
includes at least one of aluminum oxide, titanium oxide,
silicon oxide, silicon nitride, silicon oxynitride, zirconium
oxide, and hatnium oxide. The organic maternial includes at
least one of an acryl-based resin, a methacryl-based resin,
polyisoprene-based resin, a vinyl-based resin, an epoxy-
based resin, a urethane-based resin, a cellulose-based resin,
a siloxane-based resin, a polyimide-based resin, a poly-
amide-based resin, and a perylene-based resin.

The first touch insulating layer TS-IL1 should not be
limited to a specific shape 11 the first touch 1nsulating layer
TS-IL1 1nsulates the first conductive pattern TS-CP1 and the
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second conductive pattern TS-CP2. The first touch insulat-
ing layer TS-IL1 entirely covers the thin film encapsulation
layer TFE or includes a plurality of insulating patterns. The
insulating patterns are overlapped with first connection parts
BR1 and second connection parts BR2 described later.

In the present embodiment, the two-layer type touch
sensing unit has been described, but the touch sensing unit
should not be limited to the two-layer type. A single-layer
type touch sensing unit includes a conductive layer and an
insulating layer covering the conductive layer. The conduc-
tive layer includes touch sensors and touch signal lines
connected to the touch sensors. The single-layer type touch
sensing unit obtains coordinate information using a seli-
capacitance method.

Referring to FIG. 8B, the touch sensing unit TS includes
first touch electrodes TE1 and second touch electrodes TE2.
The first touch electrodes TE1 include the first connection
parts BR1, first touch sensor parts SP1 connected by the first
connection parts BR1, and first touch signal lines SL1
connected to the first touch sensor parts SP1. The second
touch electrodes TE2 include the second connection parts
BR2, second touch sensor parts SP2 connected by the
second connection parts BR2, and second touch signal lines
SL.2 connected to the second touch sensor parts SP2. In
addition, connection electrodes TSD may be located
between the first touch electrodes TE1 and the first touch
signal lines SLL1, and between the second touch electrodes

TE2 and the second touch signal lines SL.2 connected to the
second touch electrodes TE2. The connection electrodes
TSD are connected to ends of the first and second touch
clectrodes TE1 and TE2 to transmit signals. According to
another embodiment, the connection electrodes TSD may be
omitted.

The first touch sensor parts SP1 are arranged 1n the first
direction DR1, and the second touch sensor parts SP2 are
arranged 1n the second direction DR2. The first touch sensor
parts SP1 are spaced apart from the second touch sensor
parts SP2.

The first touch electrodes TE1 extend 1n the first direction
DR1 and are spaced apart from each other in the second
direction DR2. The second touch electrodes TE2 extend 1n
the second direction DR2 and are spaced apart from each
other 1n the first direction DR1.

Each of the first connection parts BR1 connects two
adjacent first touch sensor parts SP1 among the first touch
sensor parts SP1. Each of the second connection parts BR2
connects two adjacent second touch sensor parts SP2 among
the second touch sensor parts SP2. In FIG. 8B, portions of
the first and second connection parts BR1 and BR2 are
represented by a bold dot to help description.

The touch sensing unit TS may further include touch pad
parts TS-PD. Each of the first and second touch signal lines
SLL1 and SL2 may be connected to a corresponding touch
pad part of the touch pad parts TS-PD.

The first touch sensor parts SP1 are capacitively coupled
to the second touch sensor parts SP2. When the touch
sensing signals are applied to the first touch sensor parts
SP1, capacitors are formed between the first touch sensor
parts SP1 and the second touch sensor parts SP2.

Hereinafiter, the touch sensing unit TS will be described 1n
more detail with reference to FIGS. 8C to 8E.

Referring to FIG. 8C, the first conductive patterns TS-
CP1 may include the second connection parts BR2. The
second connection parts BR2 may be directly formed on the
thin film encapsulation layer TFE by a patterning process.
That 1s, the first conductive patterns TS-CP1 may be directly
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located on the thin film encapsulation layer TFE of the
organic light emitting display panel DP.

The first touch nsulating layer TS-IL1 1s located on the
first conductive patterns TS-CP1. The first touch insulating
layer TS-IL1 1s directly located on the thin film encapsula-
tion layer TFE of the organic light emitting display panel DP
and covers the second connection parts BR2. As shown 1n
FIG. 8D, a plurality of contact holes CH 1s defined through
the first touch insulating layer TS-IL1 to partially expose the
second connection parts BR2. The contact holes CH are
tformed by a photolithography process. The second connec-
tion parts BR2 of the first conductive pattern TS-CP1 are
clectrically connected to the second touch sensor parts SP2
through the contact holes CH.

Referring to FIG. 8E, the second conductive patterns
TS-CP2 are located on the first touch insulating layer
TS-IL1. The second conductive patterns TS-CP2 include the
first connection parts BR1, the first touch sensor parts SP1
connected by the first connection parts BR1, and the second
touch sensor parts SP2 spaced apart from the first touch
sensor parts SP1. As described above, the second touch
sensor parts SP2 are electrically connected to the second
connection parts BR2 of the first conductive pattern TS-CP1
through contact holes CH defined through the first touch
insulating layer TS-IL1.

FIG. 8F 1s a partially enlarged view showing an area Al
of FIG. 8B. FIG. 9 1s a partially enlarged view showing an
area A2 of FIG. 8B.

Referring to FIGS. 8F and 9, each of the first touch sensor
parts SP1 and the second touch sensor parts SP2 may include
a plurality of mesh lines ML to define a plurality of mesh
holes MH. Each mesh line ML has a line width of a few
micrometers, for example. Each of the first touch sensor part
SP1 and the second touch sensor parts SP2 may have a mesh
shape. Although not shown in detail, the first touch signal
lines SLL1 and the second touch signal lines SL.2 may have
the mesh shape. Each of the first touch sensor parts SP1 and
the second touch sensor parts SP2 1s overlapped with the
non-light emitting area NPXA.

When viewed 1n a plan view, the mesh holes MH have
different sizes from each other. The mesh holes MH may
respectively correspond to the light emitting areas PXA 1n a
one-to-one correspondence, but they should not be limited
thereto or thereby. That 1s, one mesh hole may correspond to
two or more light emitting areas PXA, for example. The
light emitting arcas PXA may have different sizes from each
other when viewed in a plan view. Correspondingly, the
mesh holes MH may have diflerent sizes from each other
when viewed 1n a plan view. For instance, the light emitting,
areas PXA may include a red light emitting area, a green
light emitting area, and a blue light emitting area, and the
light emitting areas PXA may have different sizes deter-
mined depending on their colors. However, the light emait-
ting arcas PXA may have the same size as each other, and
the mesh holes MH may have the same size as each other.

Referring to FIG. 9, the first connection parts BR1 may
cross the second connection parts BR2. The first connection
parts BR1 and the second connection parts BR2 are 1nsu-
lated from each other by the first touch insulating layer
TS-IL1 located between the first and second connection
parts BR1 and BR2 while crossing each other. In FIG. 9, the
first connection parts BR1 and the second connection parts
BR2 are represented by bold lining to aid in description, but
they should not be limited thereto or thereby. For instance,
the first connection parts BR1 may not cross the second
connection parts BR2, and this structure will be described 1n
detail later.
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As shown 1n FIG. 9, each of the first connection parts BR1
and the second connection parts BR2 may have the mesh
shape. However, the second connection parts BR2 may not
have the mesh shape in other embodiments.

FIGS. 10A and 10B are cross-sectional views taken along
the line I-I' of FIG. 9.

Referring to FIGS. 10A and 10B, the first conductive
pattern TS-CP1 has a thickness D1 that 1s smaller than a
thickness D2 of the second conductive pattern TS-CP2. The
first conductive pattern TS-CP1 shown i FIGS. 10A and
10B corresponds to the second connection part BR2. The
thickness D1 of the first conductive pattern TS-CP1 may be
smaller than a thickness D3 of the first touch insulating layer
TS-IL1.

In the present description, the term “thickness” denotes an
average value of the thickness, or general thickness, 1n a
corresponding component.

As described above, the first conductive pattern TS-CP1
and the first touch nsulating layer TS-IL1 may be directly
located on the thin film encapsulation layer TFE of the
organic light emitting display panel DP. The first touch
insulating layer TS-IL1 has a structure in which a step
difference exists. In detail, the first touch insulating layer
TS-IL1 15 located on the first conductive pattern TS-CP1 and
includes a first part IL-SUBI1 spaced apart from the thin film
encapsulation layer TFE, a second part IL-SUB2 making
contact with the thin film encapsulation layer TFE, and a
third part IL-SUB3 connecting the first part IL-SUB1 and
the second part IL-SUB2. The first part IL-SUBI1, the second
part IL-SUB2, and the third part IL-SUB3 are integrally
connected to each other.

The third part IL-SUB3 may have a rectangular shape
when viewed 1n a cross section, but the shape of the third
part IL-SUB3 should not be limited to the rectangular shape.
That 1s, the third part IL-SUB3 may have a polygonal shape
including an inclined surface when viewed in a cross sec-
tion.

FIG. 11 1s a cross-sectional view showing a touch sensing,
unit included 1 a conventional display device 1000. In
detail, the conventional display device 1000 shown 1n FIG.
11 includes a display panel 100 and a touch sensing unit 200
located on the display panel 100.

The touch sensing unit 200 of the conventional display
device 1000 includes a first conductive pattern 210, an
isulating layer 220 covering the first conductive pattern
210, and a second conductive pattern 230 located on the
msula‘[mg layer 220, and a thickness K1 of the first conduc-
tive pattern 210 1s substantially equal to or slightly different
from a thickness K2 of the second conductive pattern 230.
In more detail, the thickness K1 of the first conductive
pattern 210, a thickness K3 of the isulating layer 220, and
the thickness K2 of the second conductive pattern 230 are
substantially equal to each other or slightly different from
cach other. A step difference occurs 1n the insulating layer
220 due to the first conductive pattern 210 covered by the
insulating layer 220, and a crack occurs at an area 1n which
the step difference exists, as shown 1n the area B of FIG. 11.
Due to the crack occurring in the insulating layer 220, the
first conductive pattern 210 1s electrically connected to a
portion of the second conductive pattern 230 crossing the
first conductive pattern 210, and as a result, a short (e.g.,
clectrical short) defect of the touch sensing umt 200 1is
generated.

According to the display device DD of the present dis-
closure, the thickness D1 of the first conductive pattern
TS-CP1 1s smaller than that of the conventional first con-
ductive pattern 210, and thus the step diflerence occurring 1n
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the first touch insulating layer TS-IL1 becomes small,
thereby minimizing the occurrence of the crack in the
insulating layer. To effectively achieve the effect, the thick-
ness D1 of the first conductive pattern TS-CP1 may be
suitably less than the thickness D3 of the first touch insu-
lating layer TS-IL1. The thickness D3 of the first touch
insulating layer TS-IL1 and the thickness D2 of the second
conductive pattern TS-CP2 are substantially equal to each
other, or are slightly different from each other. That 1s, only
the thickness D1 of the first conductive pattern TS-CP1
among the first conductive pattern TS-CP1, the first touch
insulating layer TS-IL1, and the second conductive pattern
TS-CP2 1s set to be relatively thin 1n the display device DD
according to the present embodiment, and thus the first touch
insulating layer TS-IL1 may be prevented from being
cracked, or the crack of the first touch insulating layer
TS-IL1 may be reduced or minimized.

For instance, the thickness D1 of the first conductive
pattern TS-CP1 1s equal to or greater than about 1800
angstroms, and equal to or less than about 2100 angstroms,
and the thickness D2 of the second conductive pattern
TS-CP2 1s equal to or greater than about 2700 angstroms and
equal to or less than about 3500 angstroms. As an example,
the thickness D1 of the first conductive pattern TS-CP1 may
be about 1950 angstroms, and the thickness D2 of the second
conductive pattern TS-CP2 may be about 3100 angstroms,
but they should not be limited thereto or thereby.

In the present embodiment, the thickness D3 of the first
touch insulating layer TS-IL1 1s equal to or greater than
about 2700 angstroms, and equal to or less than about 3500
angstroms. As an example, the thickness D3 of the first touch
isulating layer TS-IL1 may be about 3100 angstroms, but
it should not be limited thereto or thereby.

FIGS. 12A to 12D are plan views showing a touch sensing
unit included 1n a display device according to other embodi-
ments of the present disclosure. FIGS. 13A to 13C are
partially enlarged views showing an area A3 of FIG. 12A. In
detail, FIG. 13A shows second connection parts BR2
included 1n a first conductive pattern TS-CP1 1n the area A3
of FIG. 12A, FIG. 13B shows a second conductive pattern
TS-CP2 1n the area A3, and FIG. 13C shows a stack structure
of the first conductive pattern TS-CP1 and the second
conductive pattern TS-CP2.

As described above, the first connection parts BR1 might
not cross the second connection parts BR2. Referring to
FIGS. 12A to 12D, the second connection parts BR2 do not
cross the first connection parts BR1, and the second con-
nection parts BR2 cross the first touch sensor parts SP1 and
the second touch sensor parts SP2. Referring to FIGS. 13A
to 13C, the first touch sensor parts SP1 include the mesh
lines ML defining the mesh holes MH as described above,
and each of the second connection parts BR2 crosses a
portion of the mesh lines ML of the first touch sensor parts
SP1. The second touch sensor parts SP2 include the mesh
lines ML defining the mesh holes MH as described above,
and each of the second connection parts BR2 crosses a
portion of the mesh lines ML of the second touch sensor
parts SP2. In this case, the second connection parts BR2 may
not have the mesh shape.

The descriptions with reference to FIGS. 8B to 8E may be
applied to the touch sensing unit shown in FIGS. 12A to 12D
except for the descriptions of the second connection parts
BR2, and thus repeated detailed descriptions of the touch
sensing unit with reference to FIGS. 12A to 12D will be
omitted except for the second connection parts BR2.

FI1G. 14 1s a cross-sectional view taken along the line II-1I'

of FIG. 13C. The descriptions with reference to FIGS. 10A
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and 10B may be applied to the touch sensing unmit shown 1n
FIG. 14, except that difference features between the struc-
ture 1n which the second conductive pattern TS-CP2 shown
in FIGS. 10A and 10B corresponds to the first connection
parts BR1 among components of the second conductive
pattern TS-CP2 and the structure in which the second
conductive pattern TS-CP2 shown in FI1G. 14 corresponds to
the first touch sensor parts SP1 among components of the
second conductive pattern TS-CP2, and thus repeated
detailed descriptions of the touch sensing unit with reference
to FIG. 14 will be omitted, although different features will
be described.

FIG. 15 i1s a cross-sectional view showing a portion of a
touch sensing unit included 1n a display device according to
an embodiment of the present disclosure.

The first conductive pattern TS-CP1 may have a single-
layer structure or a multi-layer structure. As shown 1n FIG.
15, the first conductive pattern TS-CP1 may have a triple-
layer structure. The first conductive pattern TS-CP1 may
include a first conductive layer CD1, a second conductive
layer CD2, and a third conductive layer CD3. The first
conductive layer CD1 1s located on the thin film encapsu-
lation layer TFE of the display panel DP, the second con-
ductive layer CD2 1s located on the first conductive layer
CD1, and the third conductive layer CD3 1s located on the
second conductive layer CD2. In this case, an entire thick-
ness D1 of the first conductive pattern TS-CP1 corresponds
to a sum of a thickness (G1 of the first conductive layer CD1,
a thickness G2 of the second conductive layer CD2, and a
thickness G3 of the third conductive layer CD3.

The second conductive layer CD2 has an electrical resis-
tivity smaller than that of each of the first conductive layer
CD1 and the third conductive layer CD3. That 1s, the second
conductive layer CD2 has a superior electrical conductivity
when compared to that of each of the first conductive layer

CD1 and the third conductive layer CD3. Each of the first,
second, and third conductive layers CD1, CD2, and CD3
may include typical materials as long as the first, second, and
third conductive layers CD1, CD2, and CD3 satisty the
above-mentioned relation. For instance, each of the first,
second, and third conductive layers CD1, CD2, and CD3
may include silver, copper, aluminum, titanium, molybde-
num, or an alloy thereof. As another example, each of the
first and third conductive layers CD1 and CD3 may include
titantum (11), and the second conductive layer CD2 may
include aluminum (Al).

The thickness G2 of the second conductive layer CD?2
may be greater than the thickness G1 of the first conductive
layer CD1 and the thickness G3 of the third conductive layer
CD3. The thickness G2 of the second conductive layer CID2
may be, for example, six times greater than the thickness G1
of the first conductive layer CD1. The thickness G2 of the
second conductive layer CD2 may be, for example, four
times greater than the thickness G3 of the third conductive
layer CD3.

The thickness G3 of the third conductive layer CD3 may
be greater than the thickness (G1 of the first conductive layer
CD1. The thickness G3 of the third conductive layer CD3
may be, for example, one and half times greater than the
thickness G1 of the first conductive layer CD1. In other
embodiments, the thickness G3 of the third conductive layer
CD3 may be, for example, one and half times to three times
greater than the thickness G1 of the first conductive layer
CD1.

The second conductive layer CD2 1s an essential compo-
nent for the first conductive pattern CP1 to serve as a
conductive pattern, and the first and third conductive layers
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CD1 and CD3 serve as a protective layer protecting the
second conductive layer CD2 to obtain a process stability. In
detail, the first conductive layer CD1 protects the second
conductive layer CD2 from defects occurring under the
touch sensing unit TS, and the third conductive layer CD3
prevents the second conductive layer CD2 from being
damaged during an etching process.

As described above, because the first conductive layer
CD1 and the third conductive layer CD3 have different
purposes, the first conductive layer CD1 and the third
conductive layer CD3 may suitably have different thick-
nesses. That 1s, because the third conductive layer CDD3 may
suitably have a predetermined thickness or more such that
the second conductive layer CD2 1s protected in the etching,
process, only the thickness G1 of the first conductive layer
CD1 1s controlled to be small, and thus the entire thickness
D1 of the first conductive pattern CP1 may be smaller than
the entire thickness D2 of the second conductive pattern
CP2. However, the thickness G1 of the first conductive layer
CD1 may still suitably have a predetermined thickness or
more and, for example, the thickness G1 of the first con-
ductive layer CD1 may be about 50 angstroms or more. In
a case than the thickness G1 of the first conductive layer
CD1 1s less than about 50 angstroms, the first conductive
layer CD1 might not serve as the protective layer protecting
the second conductive layer CD2.

For instance, the thickness (G1 of the first conductive layer
CD1 1s 1n a range from about 50 angstroms to about 200
angstroms, the thickness G2 of the second conductive layer
CD2 1s 1n a range from about 1000 angstroms to about 1800
angstroms, and the thickness G3 of the third conductive
layer CD3 1s 1n a range from about 250 angstroms to about
350 angstroms. In detail, the thickness G1 of the first
conductive layer CD1 may be about 130 angstroms, the
thickness G2 of the second conductive layer CD2 may be
about 1500 angstroms, and the thickness G3 of the third
conductive layer CD3 may be about 300 angstroms. How-
ever, the thicknesses G1, G2, and 3 of the first, second, and
third conductive layers CD1, CD2, and CD3 should not be
limited thereto or thereby.

FIG. 16 1s a cross-sectional view showing a touch sensing,
unit included 1n a display device according to an embodi-
ment of the present disclosure.

Referring to FIG. 16, the second conductive pattern
TS-CP2 may have a multi-layer structure as similar to the
first conductive pattern TS-CP1, but 1t should not be limited
thereto or thereby. The second conductive pattern TS-CP2
may have a single-layer structure 1f the second conductive
pattern TS-CP2 i1s thicker than the first conductive pattern
TS-CP1.

The second conductive pattern TS-CP2 may have a triple-
layer structure. The second conductive pattern TS-CP2 may
include a fourth conductive layer CD4, a fifth conductive
layer CD3, and a sixth conductive layer CD6. The fourth
conductive layer CD4 1s located on the first touch insulating
layer TS-IL1, the fifth conductive layer CDS5 1s located on
the fourth conductive layer CD4, and the sixth conductive
layer CD®6 1s located on the fifth conductive layer CDS. In
this case, the entire thickness D2 of the second conductive
pattern TS-CP2 corresponds to a sum of a thickness G4 of
the fourth conductive layer CD4, a thickness G5 of the fifth
conductive layer CD5, and a thickness G6 of the sixth
conductive layer CD6.

The fifth conductive layer CD5 has an electrical resistivity
smaller than that of each of the fourth conductive layer CD4
and the sixth conductive layer CD6. That 1s, the fifth

conductive layer CD3 has a superior electrical conductivity
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when compared to that of each of the fourth conductive layer
CD4 and the sixth conductive layer CD6. Each of the fourth,
fifth, and sixth conductive layers CD4, CD3, and CD6 may
include typical matenals as long as the fourth, fifth, and sixth
conductive layers CD4, CD35, and CD6é6 satisty the above-

mentioned relation. For instance, each of the fourth, fifth,
and sixth conductive layers CD4, CD5, and CD6 may
include silver, copper, aluminum, titanium, molybdenum, or
an alloy thereof. As another example, each of the fourth and
sixth conductive layers CD4 and CD6 may include titanium
(T1), and the fifth conductive layer CD5 may include alu-
minum (Al).

The thickness G5 of the fifth conductive layer CD3S may
be greater than the thickness G4 of the fourth conductive
layer CD4 and the thickness (56 of the sixth conductive layer
CD6. The thickness GS of the fifth conductive layer CD5
may be, for example, four times greater than the thickness
(G4 of the fourth conductive layer CD4. The thickness G5 of

the fifth conductive layer CD3 may be, for example, four
times greater than the thickness G6 of the sixth conductive
layer CD6.

The fifth conductive layer CDS3 1s an essential component
for the second conductive pattern TS-CP2 to serve as a
conductive pattern, and the fourth and sixth conductive
layers CD4 and CD6 serve as a protective layer protecting
the fifth conductive layer CD3 to obtain a process stability.
In detail, the fourth conductive layer CD4 protects the fifth
conductive layer CD5 from defects occurring under the
second conductive pattern CP2, and the sixth conductive
layer CD6 prevents the fifth conductive layer CD3 from
being damaged during an etching process.

The thickness G2 of the second conductive layer CD?2
may be smaller than the thickness GS of the fifth conductive
layer CD5. That 1s, the entire thickness of the first conduc-
tive pattern TS-CP1 may become smaller than the second
conductive pattern TS-CP2 by allowing the thickness G2 of
the second conductive layer CD2 to be smaller than the
thickness G5 of the fifth conductive layer CD3.

The thickness G1 of the first conductive layer CD1 may
be smaller than the thickness G4 of the fourth conductive
layer CD4. That 1s, the entire thickness of the first conduc-
tive pattern TS-CP1 may become smaller than the second
conductive pattern TS-CP2 by allowing the thickness G1 of
the first conductive layer CD1 to be smaller than the
thickness G4 of the fourth conductive layer CD4 that 1s a
lower protective layer of the second conductive pattern
TS-CP2.

For instance, the thickness G4 of the fourth conductive
layer CD4 1s 1n a range from about 250 angstroms to about
350 angstroms, the thickness G5 of the fifth conductive layer
CD3 15 1n a range from about 2200 angstroms to about 2800
angstroms, and the thickness G6 of the sixth conductive
layer CD6 1s 1n a range from about 250 angstroms to about
350 angstroms. In detail, the thickness G4 of the fourth
conductive layer CD4 may be about 300 angstroms, the
thickness G5 of the fifth conductive layer CD5 may be about
2500 angstroms, and the thickness G6 of the sixth conduc-
tive layer CD6 may be about 300 angstroms. However, the
thicknesses G4, G5, and G6 of the fourth, fifth, and sixth
conductive layers CD4, CD3, and CD6 should not be limited
thereto or thereby.

The display device DD according to the embodiments of
the present disclosure may reduce the occurrence of the
crack 1n the mnsulating layer, e.g., the first touch insulating
layer TS-IL1, included 1n the touch sensing unit TS. Con-
sequently, the display device DD according to the embodi-
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ments of the present disclosure may reduce an electrical
short defect of the touch sensing unit TS.

Although the embodiments of the present invention have
been described, 1t 1s understood that the present invention
should not be limited to these embodiments, but various
changes and modifications can be made by one ordinary
skilled 1n the art within the spirit and scope of the present
invention as defined by the claims and their functional
equivalents.

What 1s claimed 1s:
1. A display device comprising:
a display panel, the display panel comprising:
a base layer;
a circuit layer on the base layer;
an organic light emitting device layer on the circuit layer,
and the organic light emitting device layer comprising:
a plurality of first light emitting areas to emit red light;
a plurality of second light emitting areas to emit green
light; and

a plurality of third light emitting areas to emit blue
light,

wherein, viewed i1n a plan view, the second light
emitting areas are a different size than at least one of
the first light emitting areas and the third light
emitting areas;

a thin film encapsulation layer on the organic light emit-
ting device layer, the thin film encapsulation layer
comprising an morganic layer and an organic layer; and

a touch sensing unit on the display panel, the touch
sensing unit comprising:

a first conductive pattern formed directly on a surface
of the display panel;
an msulating layer covering the first conductive pattern;
and
a second conductive pattern on the insulating layer, and
having a thickness above the first conductive pattern
in a thickness direction of the display device that 1s
greater than a thickness of the first conductive pat-
tern 1n the thickness direction of the display device,
the second conductive pattern comprising:
first touch sensor parts comprising a plurality of
metal mesh lines defining a plurality of mesh
holes;
second touch sensor parts comprising a plurality of
metal mesh lines defining a plurality of mesh
holes; and
first connection parts connecting respective ones of
the first touch sensor parts,

wherein, viewed 1 a plan view, at least one of the
plurality of first light emitting areas, at least one of the
plurality of second light emitting areas, or at least one
of the plurality of third light emitting areas 1s located
within a mesh hole defined by first touch sensor parts
such that the metal mesh lines of the first touch sensor
parts do not overlap the light emitting areas, and at least
one of the plurality of first light emitting areas, at least
one of the plurality of second light emitting areas, or at
least one of the plurality of third light emitting areas 1s
located within a mesh hole defined by second touch
sensor parts such that the metal mesh lines of the
second touch sensor parts do not overlap the light
emitting area,

wherein the first conductive pattern comprises electrically
conductive second connection parts connecting respec-
tive ones of the second touch sensor parts, and
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wherein a conductive contact hole through the insulating
layer connects respective ones of the second connection
parts and the second touch sensor parts.

2. The display device of claim 1, wherein the thin film
encapsulation layer comprises:

a first morganic layer;

an organic layer on the first inorganic layer; and

a second 1norganic layer on the organic layer.

3. The display device of claim 2, wherein the first 1nor-
ganic layer comprises silicon oxynitride, silicon oxide, or
silicon nitride.

4. The display device of claim 2, wherein the display
panel further comprises a bufler layer on the thin film
encapsulation layer.

5. The display device of claim 4, wherein the bufler layer
1s formed directly on the second 1norganic layer of the thin
film encapsulation layer.

6. The display device of claim 2, wherein the second
conductive pattern has a thickness above the first conductive
pattern 1n a thickness direction of the display device that 1s
greater than a thickness of the second connection parts 1n the
thickness direction of the display device.

7. The display device of claim 1, wherein, viewed 1n a
plan view:

cach of the first light emitting areas 1s located within a first

mesh hole defined by a plurality of metal mesh lines of
first touch sensor parts or a plurality of metal mesh lines
of second touch sensor parts;

cach of the second light emitting areas 1s located within a

second mesh hole defined by a plurality of metal mesh
lines of first touch sensor parts or a plurality of metal
mesh lines of second touch sensor parts;

cach of the third light emitting areas 1s located within a

third mesh hole defined by a plurality of metal mesh
lines of first touch sensor parts or a plurality of metal
mesh lines of second touch sensor parts; and

the second mesh hole 1s a diflerent size than one of the

first mesh hole and the third mesh hole.

8. The display device of claim 7, wherein, viewed 1n a
plan view, the second light emitting areas are of a diflerent
size than the first light emitting areas and the third light
emitting areas, and the first light emitting areas are of a
different size than the third light emitting areas.

9. The display device of claim 8, wherein, viewed 1n a
plan view, no more than one first light emitting area 1s
located 1n a first mesh hole, no more than one second light
emitting area 1s located 1n a second mesh hole, and no more
than one third light emitting area 1s located 1n a third mesh
hole.

10. The display device of claim 8, wherein the second
conductive pattern has a thickness above the first conductive
pattern 1n a thickness direction of the display device that 1s
greater than a thickness of the second connection parts in the
thickness direction of the display device.

11. The display device of claim 8, wherein the circuit
layer comprises a pixel driving circuit for each light-emiat-
ting area comprising a first thin film transistor, a second thin
film transistor, a third thin film transistor, a fourth thin film
transistor, a fifth thin film transistor, a sixth thin film
transistor, a seventh thin film transistor, and a storage
capacitor.

12. The display device of claim 1, wherein the base layer
1s a flexible plastic substrate.

13. The display device of claim 12, wherein the display
device 1s a foldable display device.
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14. The display device of claim 12, further comprising an
adhesive layer directly on a surface of the base layer and a
protective film on the opposite surface of the adhesive layer.

15. The display device of claim 1, wherein the display
panel 1s configured to be tlexed along a predetermined axis.

16. The display device of claim 1, further comprising an
organic adhesive layer on the touch sensing unit and a
window.

17. The display device of claim 1, wherein the circuit
layer comprises a pixel driving circuit for each light-emat-
ting area comprising a first thin film transistor, a second thin
film transistor, a third thin film transistor, a fourth thin film
transistor, a fifth thin film transistor, a sixth thin film
transistor, a seventh thin film transistor, and a storage
capacitor.
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